This paper discusses possible roles for Intelligent Tutoring Systems that could be adopted in a manmachine gaming-simulation environment to enhance the pedagogical effectiveness of such an environment as a learning tool. The discussion leads to a proposed possible architecture for using Intelligent Tutoring Systems approaches within gaming-simulation applications.
INTRODUCTION
The term "game" (Taylor and Walford, 1978 ) is applied to those simulations which work wholly or partly on the basis of players' decisions, because the environment and activities of participants have the characteristics of games: players have goals, sets of activities to perform, constraints on what can be done, and payoffs (good and bad) as consequences of the actions, The elements in a gaming-simulation are patterned from real life: roles, goals, activities, constraints, and consequences, and the linkages among them simulate those elements of the realworld system. Gaming-simulation is a hybrid form, involving the performance of game activities in simulated contexts (Lardinois, 1989) . These may range from fairly simple decision-making exercises lasting no more than a few minutes to extremely elaborate simulations which may take a considerable amount of time for the completion of a single round of decision-making. The general aim of these games is to communicate principles and skills (but not necessarily ethics) in such diverse areas as marketing, production stock control and labour relations. Gamingsimulation can be equated with the phenomenon of learning the game "Monopoly" by simply joining in someone else's game rather than trying to begin by reading the detailed rules. Games can serve as a predecision tool to link a more complex model to the real world.
Gaming-simulation
has recently gained considerable popularity as a potential vehicle for education and training (Angelides and Paul, 1993) . Simulation games are currently utilised both in industrial and academic environments for a variety of purposes: heightening interest and motivation, presenting information and principles, putting students or trainees into situations in which they must articulate positions, ideas, arguments or facts they have previously learned, or training them in skills they will later need. With gaming-simulations the students or trainees learn by performance rather than through a Socratic discourse. Therefore, a problem with simulation gaming usually arises where there is not sufficient conceptual ability on the part of the student to manipulate the simulation game in order to gain the most insight into the processes and procedures involved.
Gaming-simulation may be an important pedagogical tool for effectuating learning. However, for any educational tool to be fully effective as a teaching tool, it should be equipped with an Intelligent Tutoring ability (Angelides and Paul, 1993) . To make this effective, the tool would have to be constructed around the concept of an Intelligent Tutoring System. Intelligent Tutoring Systems promise to enrich the learning opportunities of students and to offer them wider scope for intellectual exploration through individualised learning. Intelligent Tutoring Systems which facilitate drill and practice could be very useful in assisting students and trainees, for example, in both applying the right decision strategy and also applying the decision strategy right. Intelligent Tutoring Systems could also foster the students or trainees' learning while they experiment and analyze results as well as monitoring their behaviour and performance.
The paper first presents a framework for gamingsimulation followed by a state-of-the-art account of Intelligent Tutoring Systems. The paper then proceeds to examine a gaming-simulation environment that
incorporates Intelligent Tutoring Systems which leads to a basic architecture for an Intelligent Tutoring System for gaming-simulation. is divided between the macro cycle sequence that takes into account preconditions to the game, the introductory cycle, the final cycle and the evaluation process associated with the total exercise and the micro cycle that takes into account the sequence of things that occur within each cycle, including the initiation, policy, action, and evaluation of each cycle.
Steps of Play are the explicit progression of activity in the game. There is a macro cycle in each cycle which includes four steps: initiation, policy, action, and evaluation, During the initiation, the players read the scenario, take into a cycle any pulses/events/issues that have occurred, and consider any new data available to them as a result of the previous cycle. During the action cycle, players make specific decisions according to a given order. During the evaluation phase of the cycle, all play stops and an intellectual discussion ensues, under the direction of the game operator which addresses two questions: What are the results of the cycle just completed? and How does this experience relate to the real-world problem? The next step is always recycling.
Rules govern any circumstances that may develop in a game, which go beyond the scope of the expertise of the game.
Roles are characters assigned to players with prescribed patterns of behaviour. They are predicated on known real-world counterparts. There are three kinds of roles that can be included within the game: pseudo, gamed, or simulated. Pseudo roles are invented on the spot to serve some immediate function, e.g. judges and technical experts. Gamed roles are built into the gaming situation framework and played by real players whose decisions are processed by the game's accounting system. Simulated roles exist in the accounting system but not physically in the game-room itself. Often they represent broad classes or categories of people. and Garcia, 1993) . Because of its nature, the emerging system should be more amenable to tutoring than a black box model because a major component of this expert system is an articulate representation of the knowledge underlying human expertise in the domain. l%e third approach, which gives rise to a cognitive model of the domain knowledge, involves making the domain model a computer simulation of human problem solving in the domain of application.
The second key place for intelligence in an Intelligent Tutoring System is in the knowledge that the system infers of its user-learner. An Intelligent Tutoring System infers a student-user's current understanding of the subject matter and uses this individualised knowledge to adapt instruction to the student's needs, The component of a Tutoring System that represents the student's current state of knowledge is called the student model. The input for diagnosis is garnered through the interaction with the student. The particular kinds of information available to the diagnosis module depend on the overall Intelligent Tutoring System application. This information could be answers to questions posed by the Intelligent Tutoring System, moves taken in a game, or commandk issued to an editor. 'Ibis information is sometimes complemented by the student's educational history. The output of the diagnostic module, i.e. the product of diagnosis, depends on the use of the student model. Nevertheless, it should reflect the student's current knowledge state. Some of the most common uses for the student model include, advancement of the user to the next curriculum topic, offering unsolicited advice when the student needs it, dynamic problem generation, and adapting explanations by using concepts that the student understands. A student model usually consists of three kinds of information (VanLehn, 1988) : bandwidth (i.e. quality and amount of student input), the type of domain knowledge (i.e.
declarative, procedural or causal) and differences between the student and domain models in terms of missing conceptions and misconceptions (i.e. bugs).
The third key place for intelligence in an Intelligent Tutoring System is in the principles by which it tutors students and in the methods by which its applies these principles. Tutor models may incorporate many different instructional techniques. However, regardless of how tutorial interactions are conducted, a tutor model must exhibit three characteristics (Halff, 1988) : (a) It must exercise some control over curriculum, that is, the selection and sequencing of material to be presented to the student and some control over instruction., that is the process of the actual presentation of that material to the student, (b) it must be able to respond to student's questions about the subject matter, and (c) it must be able to determine when students need help in the course of practicing a skill and what sort of help is needed. System which has been either integrated into the simulation game or developed for gaming-simulations.
In the sections that follow, we discuss the four major operations and we make suggestions about what an
Intelligent
Tutoring System component could offer for each of these.
Preparation For Running A Game
This first operation involves all those preliminary activities prior to playing a game.
(l). Selection of a game from a set of available games according to the current teaching aims. The Tutoring System could decide on the appropriateness of a game on the basis of the teaching goals that has currently been set for the students. These teaching goals may be retrieved from the tutor model. Alternatively the system may simply examine the context of the student models of the players and deeide from these which game or which level of the game to choose. The latter is appropriate when the Tutoring System detects that the players in the game experience difficulty with the current game level or the game as a whole. This approach would help select the right game, tailored at the right level and at the group of players.
(2). Integration of the game into the Intelligent Tutoring System's Cum"culum.
The Tutoring System could relate the game to the rest of its embedded curriculum by preparing explanations about its reasons for choosing a game, e.g. to satisfy certain pedagogical goals or remedial action as a result of diagnosed problems in the players' actions.
(3). Familiarity with the game. The Tutoring Syste@ regardless of whether it is embedded in a garningsimulation environment or is dedicated, should "know" the conditions under which a specific game runs, common misconceptions that appear (thus a bugs library would be of great help), and difficulties that start developing. This would involve "running through" the game prior to handing it out to the players, access to the game rules, roles, and access to previous records of pregame and game runs. Providing the exact number of players to the Tutoring System is important because the system would pre-allocate resources, roles and responsibilities accordingly, Tutoring System has to set a few time parameters before starting up the game, e.g. the duration of runs, time allowed to players to make decisions, time allowed to players to correct decisions, etc. These would depend on a number of parameters like, the kind of game, the level of the game, the number of players, the level of players, etc.
(6). Preparation of all, and handing out of, the teaching and teaching support materials.
The Tutoring System could prepare the teaching material and all the support material (e.g. explanations and remedial action), relating to a game along with previous records of running this game. These records should include a score card for every player (thus a student model could be of great use). The Tutoring System should make decisions regarding the distribution of material to the players, the time of distribution and the chronology of events. The material to be handed out could be incorporated in the scenario presented in section 2. Game manuals should be incorporated in the Tutoring System in the Domain
Model rather than being installed as electronic text. This would allow the system to answer specific questions about a game rather than having the player browse through it. System follows a pre-game strategy for malting all the decisions involved in (1) through to (7). It should however incorporate some alternative strategies that could be followed.
Iotsoduction To The Game
There are several things that the Game Operator, that is the Tutoring System, must present to the players before they are to begin play. These will vary in specifics from game to game. System, then the system is responsible for allocating a role to each player on the basis of the student models of the players. The Tutoring System should clearly state the responsibility of every role, its decision making power and the resources available within. A player's role may be allocated by the Tutoring System itself for a number of reasons to create an 'ideal' player student model against which player student models can be evaluated (assuming that the system is a perfect player), to assume an ordinary player perspective, to collect statistics from the interaction with human players, to spy on other players for the postgame discussion-critique, etc. (2). Resource Distribution. The Tutoring System should have access to all the resources that will be distributed before and during the game. Before making any resource distribution the Tutoring System looks at the following parameters: the game cycle stage, resource availability at this stage, the players' roles, and the players' game records (i.e. their student models) with respect to resource handling. The use of player student models. The Tutoring System ensures that a certain level of involvement has been achieved by the players. The Tutoring System deals directly with the less involved players and on a personal basis. At this stage, the Tutoring System may reassign the player to a different role or even retrieve a role from the pool of roles, definitely one that fits the style of the player. Alternatively, the Tutoring System may become a partner with the player by assigning a role to itself and thus help the player in making decisions, distributing and reallocating resources until the Tutoring System detects no further need for such a partnership. To achieve such a level of performance the Tutoring System must have access to individual players' student models. A basic players' student model could be the matrix of the gamed roles played by a player versus the steps of play the player went through. The Tutoring System will eventually have to deal with unanticipated consequences. During the preparation operation the Tutoring System accesses a limited set of conditions and scenarios for human-computer interaction. However, since the Tutoring System includes a representation of the game model and the equivalent accounting system, it can then reproduce the game conditions under which the unanticipated consequence occurred and compare the outcome of the model with the situation in hand. Should this fail, then the Tutoring System makes a record of this for presentation to the game-designer who will have to investigate whether there is a real-world parallel for the situation in hand or whether it is a case of game breakdown.
(7). Game progress report. The Tutoring System could use indicators from the accounting system to give a progress report about the game at regular intervals. This report could include general statements like, the remaining steps of play or remaining resources, and report on each player's performance by reference to their individual student model. The Tutoring System should be prepare to respond to enquiries about the individual reports presented to the players. This would require access both to the domain model and the player's student model.
Postgame Discussion/Critique
There are three distinct phases of the postplay critique. (3). Discuss the reality which was presented by the game rather the game itself. This last step suggests getting out of the gaming-simulation environment altogether and addressing the actual reality that the game simulated. This involves building a conceptual model of the reality the game depicts and applying it to some real world problem.
A BASIC ARCHITECTURE FOR AN INTELLIGENT TUTORING SYSTEM FOR GAMING-SIMULATION
Considering the tasks that the Intelligent Tutoring System is set to perform, its three knowledge models (domain, student, and tutor) should include several pieces of knowledge.
The Domain Model should include knowledge about a wide range of games from which it can select a game according to some teaching goals dictated by the Tutor Model or according to the context of players' student models which is dictated by the Student Model. The Domain Model should be able to explain the reasons for choosing a game, the rules of the game and be able to provide explanations about the game at any stage.
Knowledge of a game should include an initial scenario, game rules, game roles and resources available with every role, executable game models, the accounting system, pulses, indicators, symbology, and any paraphernalia.
The Domain Model should not only have knowledge about these but also be able to use them. For example, should it detect a deviation from the rules, it should warn the player and may also offer to help apply them correctly, In another case, it may have to execute the game model in order to test some unanticipated conditions.
In addition, the Domain Model should include a bugs library of all common misconceptions about a game. The Tutoring System should be able to generate from its own knowledge all the material that are to be handed out to the players.
The Domain Model should also have knowledge about role assignment, priority of roles, the number of people in a role and how to allocate roles and resources. This would partly require access to the student models to determine who should or should not be what, and who is likely to mismanage resources. However, initially the Domain Model may have to allocate roles ancl resources randomly since there will be no prior iknowledge included in Student Models of any of the players. The step to step move will be dictated by the Tutor Model which is in control of that process as well as the time parameters.
The Tutor Model should include knowledge about the teaching goals associated with every game, the cycle sequence, the steps of play, and a set of teaching the player about a game, especially the rules of the game, the roles he took over during the game play, the steps he went through with every role, his performance with each one of these roles (for example, how well he managed his resources, if he is able to select the right decision making strategy in a given situation, if he can apply the decision strategy right, etc.), and the resources he was allocated by the system. In addition, the student model should also include a record of all those misconceptions the player has been diagnosed to suffer from (for instance, incorrect application of the game rules), and whether these have been remedied at any stage, as well as any difficulties he experienced during the play (for example, in redistributing resources). The Student Model should also include an overall classification of the user (i.e. advanced beginner, proficient, expert, etc.) along with those pedagogical goals that the player has sufficiently demonstrated that he satisfied, and some indication of where his strengths and weaknesses lie in relation to the game (for instance, making decisions in unanticipated situations). Finally, the Student Model should include some personal details like, how quick the player is in making decisions, if he plays safe, if he is risk aversive, if he is aggressive, etc. In an ideal situation the Student Model should also include a record of superior student methods to that employed by the system, let us say in resource management, but this assumes that the system is able to assess that.
The Tutoring System uses a player's student model for 
